Abstract: Bionanoparticles are naturally produced entities that are of nanometre dimension. Viruses like cowpea mosaic virus (CPMV), cowpea chlorotic mottle virus (CCMV), turnip yellow mosaic virus (TYMV), tobacco mosaic virus (TMV), adenovirus, ferritin, and enzyme complexes exemplify these systems, with their precise arrangements of tens to hundreds of molecules into highly organised scaffolds for nucleic acid packaging, metal storage, catalysis or sequestering reactions at the nanometre scale. The purification method involves an efficient tangential flow filtration (TFF), diafiltration and various chromatographic techniques. The bionanoparticles are characterised by using the transmission electron microscopy, scanning electron microscopy and various spectrophotometric methods. One promising medical application of nanotechnology is the targeted delivery of pharmaceuticals to specific cells within an organism under minimisation of adverse effects for the remaining cells by nanoscale carriers. The branch of bionanotechnology in which naturally occurring nanoparticles are modified and manipulated for various applications is a rich and newly emerging field of research.
Introduction
Bionanoparticles or protein shells are naturally produced entities that are of nanometre dimension (Raja et al., 2009) . They serve as a viable building block for the synthesis of well-defined composite materials with high functionality. They are easily accessible materials with precisely defined structure and composition and can conveniently be used in bottom-up approaches to construct novel materials. These are highly organised nanoscale materials with robust chemical and physical properties while still being capable of modification by genetic and chemical methods. The development of bioinorganic composite materials which mimic natural materials with their various remarkable structural and functional properties is of special interest.
The bionanoparticles are developed by Prof. Bernd Rehm and directed by Dr. Gavin Clark at Massey University, (Bai and Hermans, 2007 ) the revolutionary vaccine-delivery technology is being investigated at the Malaghan Institute by Assoc. Prof. Thomas Backstrom and Dr. Ian Hermans (Bai and Hermans, 2007) . These particles are so tiny that they cannot be seen with the naked eye. In fact a grain of salt is a million times larger than a bionanoparticle, yet Backstrom and Hermans plan to use these particles to develop custom made vaccines that are less expensive and more effective than current vaccine strategies. Antimicrobial resistance is becoming a major factor in virtually all hospitals acquiring infection which is a serious public health problem (Gad et al., 2004) . These concerns have led to major research efforts to discover alternative strategies for the treatment of bacterial infection (Deendayal et al., 2006; Saravanan, 2010) .
Nanobiotechnology is an upcoming and fast developing field with potential application for human welfare. An important area of nanotechnology deals with the development of environmental friendly process for synthesis of nanoscale particles through biological systems. The ease with which vaccines can be produced using this new biotechnology will be a major benefit in the face of current influenza pandemics and future global health threats such as an avian-influenza pandemic. Biotechnology industry has recently been demanding nanoparticulate products (20-200 nm) such as viruses, plasmids, virus-like particles (VLPs) and drug delivery assemblies. These products are mainly used as gene delivery systems in gene therapy protocols. Bionanoparticles provide practical immunotherapy for common conditions like cancer and autoimmunity (Hone and Onyabe, 2010) .
The branch of bionanotechnology in which naturally occurring nanoparticles are modified and manipulated for various applications is rich and newly emerging field of research. The recent demand for nanoparticulate products such as viruses, plasmids, protein nanoparticles, and drug delivery systems has resulted in the requirement for predictable and controllable production processes. Protein nanoparticles are an attractive candidate for gene and molecular therapy due to their relatively easy production and manipulation. These particles combine the advantages of both viral and non-viral vectors while minimising the disadvantages.
The current research in this area can be broadly classified as host-guest chemistry (including biomineralisation) and the bioconjugate chemistry of bionanoparticles, because bionanoparticles have marvellous and complex structures which are important in understanding their chemical applications; a separate section is devoted in this review for each nanoparticle. However, their successful application depends on the availability of selective and scalable methodologies for product recovery and purification. Downstream processing of nanoparticles depends on the production process, production system, culture media and on the structural nature of the assembled nanoparticle, (i.e., mainly size, shape and architecture) (Pedro et al., 2008) .
Steeply increasing number of research of bionanoparticles present promising results and applications in biomedicine, diagnostics and analytics as well as nanoelectronics. However, the use of bionanoparticles for hybrid and soft protein polymer composite materials has not received high attention yet.
Plant viruses
The first virus isolated is the tobacco mosaic virus (TMV) (Stanley, 1935 , Nobel Prize 1946 , and since then, TMV is connected with many scientific milestones: (Scholthof et al., 1999; Harrison and Wilson, 1999 ) first virus to be purified and crystallised (1935) , discovery of nucleoprotein nature (1936), first virus seen in electron microscopy (1939), helical structure (1954), discovery of the genome to be RNA (1950s) and the first sequenced viral coat protein (1960), use of cell wall-free protoplasts as in vitro-system (1969) , transcription of infectious RNA from full-length cDNA clones (1986) and the first isolation of a plant gene conferring resistance to a virus (1994), to name a few. Therefore, understanding the scientific history of TMV, turnip yellow mosaic virus (TYMV) and cowpea mosaic virus (CPMV) means knowing a main part of the development of biochemistry in general (Table 1 ). The development of many techniques in biochemistry and microbiology is closely associated with these viruses. Ferritin can be used as a catalyst.
It can mimic the ferritin.
2 Cowpea chlorotic mottle virus (CCMV) The most important structural feature of CCMV is that it can undergo a reversible pH-dependent swelling, resulting in a 10% increase in virus size.
It is having the potential applications in nanoelectronics and bionanotechnology.
TMV forms ordered aggregates in the presence of divalent metal cations such as Cd2+, Zn2+, Pb2+, Cu2+, and Ni2+. It can be used to prepare a wide range of inorganic oxides, semiconductors, and metal-based mesophases and nanoparticles with mesostructured interiors.
The high aspect ratio of the phage predisposes it to form lyotropic liquid crystalline phases.
M13 bacterio-phage
The M13 bacteriophage is 880 nm long and 6.6 nm in diameter.
Bacteriophages, which bind to inorganic materials (along with the advantage that phages form liquid crystalline systems), is a powerful technology for ordering quantum dots or other functional motifs in a large scale.
The CPMV particles are remarkably stable, maintaining their integrity at 60 °C (pH 7) for at least 1 h and at pH values from 3.5 to 9 indefinitely at room temperature. CPMV was the first virus to be treated as a natural analogue of a very large dendrimer for organic reactions. 
Cowpea mosaic virus
CPMV (Dijkstra and Khan, 2006a; Edwardson and Christie, 1991a; Kammen et al., 2000; Lomonossoff and Shanks, 1999; Goldbach and Kammen, 1985) (Figure 1 ) (Table 1) is the type species of the genus Comovirus (family Comoviridae). The crystal structure is refined at 2.8 Å resolution (Lin et al., 1999; Johnson and Hollingshead, 1981) . Protein is removed at 9,500 rpm for 15 min before the virus is centrifuged down at 42,000 rpm for 2.5 h (Beckman Ultra 50.2 Ti rotor) at 4°C. The supernatant is discarded and the virus, visible as faint white precipitate, is resuspended with 0.01 M potassium phosphate buffer (pH = 7.0). The purification of CPMV from infected leaves of chinese cabbage Brassica campestris ssp.chinensis and ssp. pekinensis is checked by FPLC (Fast protein liquid chromatography) (Dijkstra and de Jager, 1998 ) and the concentration is determined by UV-Vis-spectroscopy (de Jager, 1998) . 
Cowpea chlorotic mottle virus
The inner surface of each protein subunit of CCMV ( Figure 2 ) (Table 1) presents nine basic residues (arginine and lysine) and this creates a highly positively charged interior, which presumably stabilises the negatively charged nucleic acid. A wide variety of negatively charged polyoxometalate species (vanadate, molybdate, and tungstate) is selectively mineralised within empty CCMV particles devoid of the nucleic acid; the size of the capsid cavity defines the size of mineralised particles. The electrostatically driven mineralisation is carried out at pH 5, at which the inorganic species underwent oligomerisation and the viral pores closed. The mineralised viral particle is purified by using sucrose gradient ultracentifugation (Ali and Roossinck, 2007) . Source: Speir et al. (1995) 
Turnip yellow mosaic virus
TYMV (Hull, 1998; Ali and Roossinck, 2007; Dijkstra and Khan, 2006b; Hirth and Givord, 1988; Hatta et al., 1973; Koenig, 1988; Edwardson and Christie, 1991b; Gibbs, 1999; Canady et al., 1996) (Figure 3 ) (Table 1) is the type species of the genus Tymovirus (family Tymoviridae). Their capsid exhibits T = 3 icosahedral symmetry with a diameter of approximately 30 nm. The in total 180 chemically identical subunits form 32 capsomers (20 hexamers and 12 pentamers) with distinct and clearly visible surface structures. The protein capsid is specially stabilised through hydrophobic protein-protein interactions. Up to 1% polyamines neutralise the negatively charged RNA so that the coat proteins are less involved in charge neutralisation (Dijkstra and Khan, 2006c) . There are two main sedimenting components, the protein shell with no or little amount of RNA (T-component) and the capsid containing the infectious virus genome (B-component). Tymoviruses are excellent immunogenes. RNA can be released in vivo and in vitro through a hole in the capsid by the loss of five to six subunits. Attempts to obtain a non-denatured re-associable form of the TYMV coat protein failed (Canady et al., 1996) . Source: Deltahedra a la Leonardo
Tobacco mosaic virus
The TMV (Dijkstra and Khan, 2006c; Lewandowski and Dawson, 1999; Zaitlin and Ferris, 1964 ) (tobamovirus; unassigned genus) ( Figure 4 ) ( Table 1) , is a rod-shaped virus with helical symmetry. The rigid tubes of approximately 18 × 300 nm have a central hollow core of 4 nm. 2,100 subunits of a single coat protein enclose the single RNA genome in form of a right-handed helix with a pitch of 2.3 nm. As most filamentous molecular assemblies, TMV does not crystallise. The structure is resolved to 2.9 Å and 5 Å by using the fibre X-ray diffraction (Namba et al., 1989) and electron microscopy, (Zaitlin and Ferris, 1964) respectively. In combination with novel refinement methods these data are reliable as conventional crystallographically determined structures at comparable resolutions (Sachse et al., 2007) . Characteristic cytoplasmic inclusions with hexagonal crystals of layers of viruses can be detected in light microscopy and are diagnostic for TMV infections. The robust TMV-host system allowed intensive studies of virus replication. The high accumulation and stability make it easy to heat inactivation which occurs at over 90°C for 10 min. In crude sap or dried materials they remain active over decades, thus TMV is essentially ubiquitous. At high concentrations, TMV particles form a nematic liquid crystal, which is employed as template to prepare mesostructured and mesoporous silica with periodicities of about 20 nm (Stubbs, 1999; Chapman, 1998) . Source: Yewdell and Bennik (1999) 
M13 bacteriophage
The M13 bacteriophage (Table 1) (Krishnaswami and Wang, 2007 ) is ~880 nm long and 6.6 nm in diameter. The high aspect ratio of the phage predisposes it to form lyotropic liquid crystalline phases. Long-range ordered films can be fabricated by using M13 phages. Insertion and expression of specific binding sequences can be achieved either for the coat protein only at the ends or along the whole virus capsid (Lee et al., 2002; Nam et al., 2006) . Annealing of the phages with semiconductor nanoparticles of zinc sulfide binding peptide motif [Selected Phage (Sel*Phage)] (ZnS) or Cadmium sulphide (CdS) nanocrystals aligned along the virus yielded long single crystalline semiconductor nanowires (Mao et al., 2004) . The two dimensional assembly of the phages on electrostatically cohesive films of polyelectrolytes on macroscopic length scales represents an interesting approach for novel nanostructure and functionalised polymer surfaces for sensor or battery applications (Lee et al., 2002; Yoo et al., 2006) .
Ferritins
Ferritin ( Figure 6 ) (Table 1 ) describes a family of proteins, (Harrison and Arosio, 1996) however; ferritin from horse spleen has been used exclusively (Raja et al., 2009 ). Protein subunits self-assemble to form a cage with an outer diameter of approximately 12 nm and an inner cavity of approximately 6 nm that is filled with hydrated ferric oxide (ferrihydrite Fe 2 O 3 . n H 2 O) (Chasteen and Harrison, 1999) . Mammalian ferritin consists of a mixture of two different subunits, termed H for heavy and L for light chain, respectively. Each subunit protein forms a four-helix bundle that arranges in 12 antiparallel pairs to build a roughly rhombic dodecahedron shape (Banyard et al., 1978) . The resulting threefold channel are hydrophilic in nature and considered as the entrance for cations to form the mineral core while the four fold channel are hydrophobic in nature. Both have a diameter of 0.3 nm. The L-subunit from horse ferritin is cloned and expressed in Escherichia coli to form recombinant ferritin (Orino et al., 2004) . Ferritin has been extensively used as a monodisperse model protein in surface science. The possibility to have demineralised empty capsids (apoferritin) and capsids filled with an iron oxide core offers the unique chance to investigate the behaviour of topologically identical particles that however differ significantly in weight. This has been used, e.g., for investigations of colloidal crystallisation. The protein coat of the ferritin molecules is then eliminated by heating at 500°C (Raja et al., 2009 ). 
Bovine/human serum albumin (BSA/HSA)
Serum albumin is the most abundant protein in serum, comprising mostly 50% or more of the total plasma proteins. An average person of 70 kg has an exchangeable albumin pool of 350 g (Ikai, 1999) . One more remarkable fact is its lifetime of 27 days during which it makes 15,000 trips around the circulatory system. Albumin (Peters, 1985 (Peters, , 1996 makes 80% of the colloid osmotic pressure because of its high concentration and small molecular weight. Nevertheless, it can be completely replaced by other blood proteins. It is highly soluble [up to 30% (w/v)] and with an isoelectric point (pI) of 4.9 the most acidic protein in serum (Schmid, 1995) .
α-Heremans-Schmid glycoprotein (AHSG)/Fetuin-A
α-Heremans-Schmid glycoprotein/Fetuin-A (human) or fetuin-A (calf) (Brown et al., 1992 ) is a plasma protein from the cystatin superfamily of cysteine protease inhibitors with considerable biological importance (Dziegielewska et al., 1990; Brown and Dziegielewska, 1997; Otto and Schirmeister, 1997; Maria et al., 2007) . Dialysis patients are prone to vascular and valvular calcifications (ectopic calcification), presumably because of their low fetuin-A serum level (Xie et al., 2005) . In vivo studies revealed that fetuin-A directs the calcification to collagen fibrils; in the absence, mineralisation in serum occurs (Toroian and Price, 2008) . The most abundant serum protein, serum albumin, is a much weaker inhibitor of calcium phosphate precipitation than fetuin-A. Fetuin-A has been shown to form in vitro soluble and transient stable colloidal particles of up to 100 nm in diameter in supersaturated solutions of calcium phosphate. The biomineral particle composition and aging properties have been studied in great detail with scattering techniques and by transmission electron microscopy (TEM) (Schaefer et al., 2003) . Fetuin-A has a high affinity for hydroxy apatite surfaces and concentrates in the mineral phase of teeth and bones. The names Ahsg or fetuin-A are used nowadays interchangeably after they have been found to be species homologues (calf/human) of a plasma glycoprotein (Brown et al., 1992) . 
Preparation of bionanoparticles
Bionanoparticles are particles produced naturally by many species of bacteria, which use them for storing energy. At the core of the particles is a bed of lipids, while the outer surface is covered in proteins. It is these proteins that can be modified for the development of custom-made vaccines (Raja et al., 2007) . For example, if interested in producing a vaccine against cancer; the bacteria can be manipulated to produce bionanoparticles coated with the relevant tumour proteins (Bai and Hermans, 2007) . The particles are then harvested from the bacteria and used as vaccines to initiate a tumour-specific immune response (Fery et al., 2009 ).
Molecular construction of bionanoparticles
VLPs (Maria et al., 2007) are promising delivery vectors for molecular therapy, since they combine the major advantages of viral vectors with significantly fewer viral vector disadvantages. A chimaeric protein is constructed by fusion of SIV (simian immunodeficiency virus) matrix protein (p17) and HIV1 p6 protein, and demonstrates the chimaeric proteins assemble as 80 nm nanoparticles containing approximately 7,700 chimaeric protein units. Generally chimaeric VLPs are released from HEK-293T cells (human embryonic kidney cells expressing the large T-antigen of simian virus 40) and are fully encapsulated with lipid membrane. Chimaeric VLPs are produced at 3.7 fold higher levels when compared with SIV p17 VLPs owing to duplication of a PTAP (Pro-Thr-Ala-Pro) domain previously shown as essential for virus particle release (Costa et al., 2007) . Immuno precipitation assays shows that the chimaeric VLPs constructed are efficiently pseudotyped with vesicular-stomatitis-virus glycoprotein.
Hybrid capsules of bionanoparticles
New bionanoparticles have been prepared from horse spleen ferritin (HSF) by grafting thermoresponsive poly (N-isopropyl acrylamide) (PNIPAAm) and photo-cross linkable 2-(dimethyl maleinimido)-N-ethyl-acrylamide (DMIAAm) from the protein surface. The 72 addressable amino groups on the exterior of HSF are modified with N-hydroxysuccinimide-activated 2-bromo-isobutyrate to form a macro-initiator for atom transfer radical polymerisation, which is performed in water/DMF solutions at low temperature. It allows the formation of capsules with thermoresponsiveness for controlled release purposes, e.g., in drug delivery (Mougin et al., 2011) .
Purification of bionanoparticles

Tangential flow filtration
An efficient tangential flow filtration (TFF) (Yang et al., 1988) method has been developed to purify the conjugated bionanoparticles from the excess conjugation reagents. The TFF technique presented can serve as a rapid and convenient alternative to current methods like ultracentrifugation for the separation of excess small molecule/polymeric conjugation reagents from chemically modified viruses and other virus like particles. It is a pressure driven separation technique that utilises size selective ultrafiltration (UF) membranes or hollow fibres to separate small molecules/polymers in solution based on the difference in sizes. A novel TFF-based technique has been developed which will afford the rapid purification of poly 4-vinyl pyrrolidone (P4VP) and methyl-orange from bionanoparticles such as Qbeta (Raja et al., 2007) . 
Diafiltration
Diafiltration (Scott et al., 2006) shows considerable potential for the efficient and convenient purification and size separation of water-soluble nanoparticles, allowing for the removal of small-molecule impurities and for the isolation of small nanoparticles from larger nanostructures in a single process.
Biochromatography
Highly purified nearly monodisperse ceramics, which are used routinely as components in the polymer composite industry have properties that make them very interesting as the basis for a new kind of very small scale chromatography. Very small fine particles are obtainable as a narrow size distribution preparation with a median apparent diameter of the 200 nm range, which has been purified mostly of DNA, RNA and proteins (Hogan and Utermohlen, 2007) .
Ion-exchange chromatography
Conventional ion-exchange chromatographic steps are commonly based on resin bead packed columns (particles, typically having a diameter of > 50 μm) with high resolution and high binding capacity (Tatarova et al., 2009 ). The chromatographic ion-exchange resin (adsorber) unit facilities the integration of the materials in bioprocesses, successfully applied for removing of trace impurities and potential contaminants in flow through mode and for separation of sensitive bio-molecules and large solutes like such as DNA, RNA and viruses with molecular weight of over 250 kDa in bind-and-elute mode (Endres et al., 2003) .
Affinity chromatography
Affinity chromatography (Abhinav et al., 2007) takes advantage of biological interactions to effect binding of specific solutes. It is the most selective chromatography technique, relying on a biospecific interaction between the biomolecule and a ligand that is covalently bound to the stationary phase. Biomolecules with tremendous affinities for specific ligands often require harsh elution conditions, resulting in a lower recovery and decreased activity of the protein product. Harsh elution conditions also affect the affinity ligand, shortening the column life time. Diversities of affinity chromatography have been used in bioprocess. For instance, the most widely utilised Protein A affinity chromatography for large-scale antibody separation, or the dye ligand chromatography such as Cibacron blue, which is thought to mimic the nucleotide binding sites of enzyme (Janson and Ryden, 1998) .
Hydrophic interaction and reverse phase chromatography
It is based on the attraction between hydrophobic groups on the protein and a hydrophobic matrix. The functional group density is much lower in hydrophobic interaction chromatography and the biomolecules sorbent interaction is reduced. This results in higher recoveries and activities of biomolecules, due to less harsh binding environments and elution conditions. In hydrophobic interaction chromatography the retention time depends upon dissolving a hydrophobic substance in water (thermodynamically unfavourable). A non-polar solute forces the water to form a cavity in which the solute fits leading to a negative change in entropy (Rathore and Velayudhan, 2003) . In reverse phase chromatography, the elution occurs when the relative hydrophobicity of the protein is decreased by either decreasing the polarity of the fluid phase or increasing the polarity of the protein through the addition of an ion-pairing agent (Harrison et al., 2003) .
Characterisation of bionanoparticles
The bionanoparticles are characterised in terms of their composition with biomolecular techniques such as SEC, SDS-PAGE and in terms of their structure with physico-chemical techniques like TEM, UV-Vis, SLS, and DLS. The intensive characterisation is necessary to ensure a qualitative and quantitative basis for reproducible experiments but also to establish different characterisation and imaging techniques under conditions suitable for soft and sensible bionanoparticles.
Size-exclusion chromatography
Size-exclusion chromatography (SEC) is used for rapid determination of the sizes and size distributions of nanoparticles prepared by seed-assisted synthesis. Analytical separation of nanoparticles is performed in a polymer-based column of pore size 400 nm (Liu, 2007) . SEC coupled with online light scattering (LS), refractive index (RI) and ultraviolet (UV) detection provides a non-destructive method to determine the molecular weights of proteins and their complexes in solution, as well as their sizes (Folta-Stogniew and Williams, 1999; Wen et al., 1996) .
Transmission electron microscopy
In TEM (Maria et al., 2007) electrons are allowed to transmit the thin ( ≤ 150 nm) specimen. The image is originating from electrons scattered by the diluted virus solution samples. The morphology of the silica/virus composites and mesoporous silica is characterised using TEM. The original size and morphology was confirmed by using TEM analysis. Cross sections from embedded interfaces allow the high-resolution imaging of the bionanoparticle decorated interfaces in TEM. A Zeiss CEM 902 transmission electron microscope with an acceleration voltage of 80 kV is used for TEM-measurements in bright-field mode. A picture is gathered with a CCD camera by using the software iTEM.
Nitrogen sorption technique
The porosity of the mesoporous silica is measured by a nitrogen sorption technique. The nitrogen sorption isotherm is characteristic of an open interpenetrating pore system with a cage structure (Yang et al., 1988; Kuang et al., 2004) .
Surface area
Specific surface (Zhongwei et al., 2009) 
Small angle X-ray scattering technique
The small angle X-ray scattering (SAXS) data is obtained at beam line X21 of the National Synchrotron Light Source, Brookhaven National Laboratory. SAXS is a fundamental and powerful tool for structure analysis of condensed matter (Svergun and Koch, 2003) . It provides useful insights into the structure of non-crystalline biochemical systems. Moreover, SAXS also makes it possible to investigate intermolecular interactions including assembly and structure change. SAXS is an effective method for the quantitative analysis of bionanoparticle structures (Russell et al., 2005) .
Scanning electron microscopy
For scanning electron microscopy (SEM) imaging a LEO 1530 Gemini instrument equipped with a field emission cathode is used (Boker et al., 2004) . Biopolymer and hydroxyl apatite samples is mounted on steel stubs with conducting double adhesive tabs and eventually further fixed with silver paste or Scotch conducting tape. The prepared lipid suspensions are mounted on a specimen stub using a double-sided adhesive tape made from high-purity carbon developed specifically for SEM applications (Zhongwei et al., 2009) . Such electrically conductive adhesive tapes feature a clean background and very low out gassing. Then, the sample is air-dried and sputter-coated with platinum before examination in electron microscope. This sputtering technique makes the specimen electrically conductive at the surface and electrically grounded to prevent the accumulation of electrostatic charge at the surface. Finally, images have been obtained by using a high-resolution Hitachi S-4700 microscope. The elemental composition can also be analysed by SEM energy dispersive angle X-ray analysis (SEM-EDAX, Quanta 200).
Atomic force microscopy
Atomic force microscopy (AFM) measurements are performed with a Dimension 3100 (Veeco Instruments Inc., Santa Barbara, California) in tapping mode. The biomolecular sample is mounted on steel taps with double sided adhesive stripes. The image is processed with a smooth and plane-fit routine that is implemented in the software NanoScope 7.10 (Veeco Instruments). AFM can be used to investigate the elastic and viscoelastic properties of samples. In dip-pen lithography, the tip is used to deposit material and to pattern surfaces with high precision (Xie et al., 2006) .
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
In sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970 ) the protein samples are mixed with 5x sample buffer and heated for 5 min to 95°C. Usually, the sample buffer consisted of 62.5 mM Tris buffer, 10% (v/v) glycerol, 2% (w/v) SDS, 5% (v/v) thioethanol and 0.125% (w/v) bromophenol blue (final concentrations). After cooling down, the sample is spinned down for 60 s at 10 krpm with a microcentrifuge. 20 μl of the denatured sample is then applied to the gel. For molecular weight determination a molecular weight ladder is run in one lane. The precast gels is prepared and installed in the electrophoresis chamber as described in the manual. Electrophoresis is run in tris-buffer (25 mM Tris, 192 mM glycine, 0.1% (w/v) SDS; final pH approx. 8.3) for 5 min at 100 V and then for 45 min at 150 V. The gels is stained with Coomassie (0.1% (w/v) Coomassie Brilliant Blue R250, 450 ml methanol, 450 ml water and 100 ml acetic acid) for 15 min at room temperature, ished and destained with a mixture of 10% (v/v) methanol, 10% (v/v) acetic acid and 80% (v/v) water for 15-20 h at room temperature. The gels are photographed with a digital camera or an Intas gel documentation system. SDS-PAGE can be used as a cheap and fast method to evaluate protein conjugation with tags, dyes or polymers.
Light scaterring techniques
Light scaterring (LS) techniques are divided into static light scattering (SLS) and dynamic light scattering (DLS; also termed photon correlation spectroscopy or quasi-elastic LS). While the first technique measures a time-averaged total intensity as a function of the scattering angle, the latter records temporal variations in the intensity of the scattered light, usually at a fixed angle of 90°C. SLS gives access to the weight average molecular weight w M, the z-average of the mean-square radius of gyration 2g R, and the second virial coefficient 2 A. DLS allows the determination of diffusion coefficients D, hydrodynamic radii h R and size distributions. In any case multiple scattering (interparticle interference) has to be avoided and thus the measurements are performed in dilute systems. Both LS techniques have been applied extensively in colloid chemistry (Fernandez et al., 2002) and protein characterisation (Liu and Chu, 2002) .
UV-visible spectroscopy
UV-visible measurement (Vorgelegt and Gunther, 2009 ) is done with an Evolution 300 spectrophotometer. Micro quartz cuvette with a light path of 10 mm is used. As plant viruses consist of both nucleic acid (mostly RNA) and protein, their absorption spectrum consists of a superposition of the absorbance of nucleic acid (minimum at 230 nm; maximum 260 nm) and protein (minimum at 250 nm, maximum at 280 nm). Nucleic acid absorbs much stronger than protein. The peak maximum of a virus preparation is therefore typically at 260 nm and shifts to higher wavelengths with higher protein/nucleic acid ratio. The ratio A 260 /A 280 of the absorbances at the two wavelengths characterises the protein content (empty capsids or capsids with RNA) and is a measure of the purity of the preparation (presence of plant protein contamination). The protein content is calculated according to Lambert-Beer law with 
Fluorescence correlation spectroscopy
In this investigation, MicroTime 200 equipment (PicoQuant GmbH, Germany) has been used for the fluorescence correlation spectroscopic experiments (Brown and Dziegielewska, 1997) . This MicroTime 200 fluorescence life time microscope system is a powerful instrument capable of fluorescence life time imaging with single molecular membrane and interface detection sensitivity. It contains a complete optical systems and electronics for recording of all aspects of the fluorescence dynamics of microscopic and nanoscopic samples of femtoliter volumes.
Fourier transforms infrared spectroscopy
The characteristic FT-IR absorption spectra (Raja et al., 2007) of lipids have been obtained using a Bruker Tensor 27 FT-IR spectrometer. All spectra are collected at 4 cm −1 spectral resolution with a scanning velocity of 20 kHz in the focused IR beam of the FT-IR interferometer. Typical data have been acquired within the spectral range of 4,000 to 500 cm −1 at room temperature. These observed spectra have been calibrated with respect to a polystyrene test film (thickness 38 μm) standard.
Confocal laser tweezers Raman spectroscopy
The Raman spectroscopic technique has been performed using an attached SP2300i spectrograph (Roper Scientific, Trenton, NJ, USA) and a back-illuminated thermoelectrically cooled deep-depletion charged-coupled device camera with 1,340 × 100 pixels (PIXIS:100BR, Roper Scientific, Trenton, NJ, USA). Applying this method, optical trapping of single QuSome nanoparticle has been accomplished by using a translation stage to move the particles in close proximity of the laser focus, where they are focused and trapped (Bista et al., 2010) .
Confocal fluorescence laser scanning microscopy
The adsorption of bionanoparticles at the liquid-liquid interface of perfluoro octane and aqueous buffer is visualised by confocal fluorescence laser scanning microscopy. A commercial confocal fluorescence laser scanning microscope (Zeiss LSM 510 META/Confocor2) equipped with the following laser lines: 405, 458, 477, 488, 514, 543 and 633 nm, is used to obtain fluorescence micrographs (Maeztu, 2004) .
Matrix-assisted laser desorption ionisation-time of flight mass spectrometry
Matrix-assisted laser desorption ionisation-time of flight (MALDI-TOF) mass spectrometry has been performed on non-digested virus suspensions with a standard protocol for proteins (saturated aqueous solution of sinapic acid) (Laure et al., 2003) . The measurement is done in linear mode with 20 kV acceleration voltages and external calibration with proteins of known molecular weight. It should be mentioned that mass spectrometry on whole, intact viruses is possible with electrospray ionisation (ESI) and charge-detection (Mougin et al., 2011) and virus even keeps its viability.
Immunoassay technique
Viruses and VLPs have been demonstrated to be robust scaffolds for the construction of bionanomaterials. Fluoroimmuno assays as well as to investigate the two-dimensional self-assembly of viruses and VLPs, The conventional N-hydroxysuccinimide-mediated amidation reaction is employed for the chemical modification of the viral capsid. As an example of Tryptic digestion with sequential MALDI-TOF MS analysis identified that the amino groups of K32 of the flexible N-terminus made the major contribution for the reactivity of TYMV toward N-hydroxysuccinimide ester (NHS) reagents. The reactivity is also monitored with UV−vis absorbance and fluorescence (Barnhill et al., 2007) .
Applications of bionanoparticles
Bionanoparticles for pinpoint delivery of genes and drugs
Gene therapy is recognised as one of the most promising cures for many diseases such as cancer. More importantly, the virus vector-derived DNA may induce unexpected effects on human. Hepatitis B virus (HBV) is a human liver-specific DNA virus, whose genome harbours three overlapping envelope genes in a single open reading frame, encoding S, M (pre-S2 + S), and L (pre-S1 + pre-S2 + S) proteins. To examine the L particles as gene carriers, a mammalian expression plasmid for GFP (green fluorescence protein) is incorporated into L particles (Akihiko et al., 2003) . The L particles containing the plasmid are added to the culture medium of human hepatoma HepG2 cells. After two days, more than 90% of the HepG2 cells expressed GFP, while the control non-human liver cells did not. Because the L particle is an empty vesicle containing no viral DNA, it can be used as a safe and efficient vector for human liver-specific gene transfer. Genetically engineered L particles that are able to target to various organs is constructed by deleting the hepatocyte binding domain of L protein (pre-S region) and displaying targeting peptide or protein ligands such as dimmer of Z domain (ZZ domain) and single chain variable fragment. In the ZZ domain displaying particles, displayed ZZ bound antibodies, and showed the antibody mediated specificity confirmed the antibody mediated introduction of calcein into target cells.
Targeted gene therapy
Retroviral vectors have also been used for targeted gene therapy (Elliott and Hare, 1999) . A targeting peptide along with trimerisation domain has been linked on the N-terminus of the viral envelope glycoprotein using a linker, which is cleaved by an enzyme (matrix metallo protease). These attachments shield the native receptor binding because of steric hindrance; the targeting peptide, which is on the exterior, mediates attachment to tumour cells displaying complementary receptors (Robbins and Ghivizzani, 1998) . After attachment to the tumour cells, the metalloprotease produced by the tumour cells cleave the linker, thereby exposing the native viral envelope protein, which mediates cell entry into the tumour cells. Many other targeted viral vector systems have been used for gene therapy such as the Sindbis Virus (Tan et al., 2010) , Alphaviruses (Lundstrom, 2005) , Myxoviruses (Krumm et al., 2011) , Paramyxoviruses (Cattaneo, 2010) , Adeno-associated virus (AAV) vectors (Selvarangan et al., 2001) , and the Herpes virus (Yeomans and Wilson, 2009; Berg et al., 2003) .
Bionanoparticles as viable substrates to promote osteogenic differentiation of bone marrow stromal cells
Bone marrow stromal cells (BMSCs) (Kaur, 2007) have the potential to differentiate into osteoblasts, chondrocytes, adipocytes and smooth muscles. Although, they have shown great prospects in therapeutic and medical applications, less is known about the role that the nano environment plays on their differentiation potential. The nanotopographies are created by coating 2D substrates with TYMV and TMV bionanoparticles (Kaur, 2010) . TYMV and TMV, both are nanosized plant viruses with spherical and rod shaped morphology, respectively. Experimental evidence generated by real time quantitative (qPCR) analyses, DNA microarrays and the expression of osteogenic markers using immunohistochemistry/cytochemical staining further corroborated that nanotopography promoted the osteogenic differentiation of BMSCs. These studies strongly indicate that such viruses as biogenic nanoparticles can modulate the nanoenvironment of the substrate to influence differentiation potential of cells. These viruses display a variety of accessible amino acid functionalities on their outer protein capsid which can be tailored to obtain a polyvalent ligand display for different applications. Therefore, tailoring these particles with ligands affecting the cell growth and differentiation is also monitored. Such systems demonstrate great potential as models to gain new insights into the role of micro/nano environment plays in regulating growth and differentiation of BMSCs.
The future of bionanoparticles
A blood clot can happen so fast somewhere in our bodies, and it can cause death of the whole human being or part of his body. The researches carried out aim to minimise the time of rescue as much as possible, because the doctors, in many cases, have only few hours to save the patient. The blood clot can be heated in order to be dissolved. The idea is that the patient can be injected with the bionanoparticles, which can be later dissolved in the blood by subjecting the patient to electromagnetic waves. The heat transferred to the blood clot (containing bionanoparticles) will dissolve the clot because of the heat. The same technical procedure can be followed to manage the fats under our skin. It is just nanoparticles and waves source and all of that are already known and manufactured for other proposes (Kim et al., 2005) .
Conclusions
Many inroads have been made into harnessing bionanoparticles for nanoscience applications. A vast number of programmable nanoblocks have not yet been explored in this rich, new, and exciting field at the confluence of nanotechnology, biology, chemistry, and materials science. Biology provides a vast resource of nanoparticles and exquisite control of the recognition motifs displayed on the surface of these particles; organic/bioconjugate chemistry immensely expands the scope of useful functional units such as dyes, sugars, and polymers, which one can use to decorate bionanoparticles for a wide range of applications. Inorganic chemistry/bio-mineralisation affords a convenient route to preparing hard-soft biohybrid starting materials for nanoelectronic applications, and materials science is the last component in developing the technology. Technological breakthroughs occurring in this field are in two broad directions: nanoelectronics and biomedical applications of nanotechnology. The former has more of a materials science component to it, and the latter has more of a molecular biology component with chemistry contributing richly in both directions. Both the directions hold great promise in bringing about an electronic and biomedical revolution. The study is expected to ultimately lead to the selective and specific drug delivery to target cells might represent a future application.
